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Chapter 02 
Radio Frequency 
& Antenna Fundamentals 


Objectives 


TS | 
Define and explain the basic concepts of RF behavior 


Gain and Loss, Reflection, Refraction, Diffraction, Scattering, 
Absorption, VSWR, Return Loss, Amplification and Attenuation, 
Wave Propagation, Free Space Path Loss, Delay Spread 


Understand and apply the basic components of RF mathematics 
Watts and Milliwatts; Decibel (dB), dBm, dBi, and dBd; SNR and 
RSSI; System Operating Margin (SOM), Fade Margin, and Link 
Budget; Intentional Radiators and EIRP * + 
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Objectives 


Identify RF signal characteristics, the applications of basic RF 
antenna concepts, and the implementation of solutions that 
require RF antennas 


Visual and RF LOS; The Fresnel Zone; Beamwidth, Azimuth, and 
Elevation; Passive Gain; Isotropic Radiators; Polarization and 
Antenna Diversity; Wavelength, Frequency, Amplitude, and Phase 


Explain the applications of basic RF antenna and antenna system 
types and identify their basic attributes, purpose, and function 

Omnidirectional, Semidirectional, Highly Directional, and ea . 
Antennas; Multiple-Input Multiple-Output (MIMO) HU: a Systems 


Fundamentals of 
Electromagnetic Waves 


Electromagnetic Waves 


An electromagnetic wave is a fluctuation of 
energy consisting of two fields: electric and 
magnetic. 


These fields oscillate or move back and forth at 
right angles to each other, and the wave moves 
out from the propagating antenna in a direction 
related to the shape of the antenna. 
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Waves 


Å wave, in the realm of physics, can be defined as a 
motion through matter. 

An electromagnetic wave is an oscillation traveling 
through space. 

Electromagnetic waves can travel in a vacuum where all 
matter has been removed > there is no need material 
medium to travel. 


Waves propagate through space through an Re Ings n, 
between electric and magnetic fields. * 
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Electric Fields 


An electric field is the distribution in space of the strength and 
direction of forces that would be exerted on an electric charge at 
any point in that space. 


Positively charged objects attract negatively charged objects and 
vice versa. 


The electric field represents the space within which this attraction 
can be detected. 


Electric fields result from other electric charges or from changing 
magnetic fields. 


Electric field strength is a measurement of the strength, of a 
electric field at a given point in space and is equal to tik Ford 
induced on a unit of electric charge at that point. k 


Magnetic Fields 


A magnetic field is a force produced by a moving 
electric charge that exists around a magnet or in free 
space. 


Magnetic fields extend out from the attracting center, 
and the space in which it can affect objects 1s considered 
the extent of the magnetic field. 


A changing magnetic field generates an electric field. 
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Electromagnetic Waves 


An electromagnetic wave 1s a propagating combination 
of electric and magnetic fields. 


The alternating current (AC) in the antenna generates a 
magnetic field around the antenna that generates an 
electric field that generates a magnetic field ad 
infinitum. 


The electric and magnetic fields are oscillating 
perpendicular to each other, and they are both 
perpendicular to the direction of propagation 


x 


A very specific form of these Electromagnetic wave propagation direction 
electromagnetic waves is used 


to communicate wirelessly in 
IEEE 802.11 networks. 


x Electric field 


«— Magnetic field 
: i . Direction of propagation 
This form of wave is a radio 


frequency wave. 
4— Generating wire 


An RF-based system is a 
system that relies on the 
phenomenon of 
electromagnetic wave theory 
to provide data and voice 
communications wirelessly. 
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RF Characteristics 


All RF waves have characteristics that vary to define the wave. 
Some of these properties can be modified to modulate 
information onto the wave. These properties are wavelength, 


frequency, amplitude, and phase. 


K 


Wavelength 


The wavelength of an RF veere 
wave is calculated as the A 

distance between two 
adjacent identical points 
on the wave. 


Frequency 


Frequency refers to Cycle 1 Cycle 2 Cycle 3 
the number of wave 
cycles that occur in B 
a second. 


The impact of frequency usage on WLAWNS is tremendous. By 
using different frequencies, you can enable distinct connections 
or RF links in a given coverage area or cell. For example, an 
IEEE 802.11g network using channel 1 can exist in the same 
cell as an IEEE 802.11g network using channel 11. Tis is 
because these channels use different frequencies ge do not" 


cancel or interfere with each other. 
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Lower frequency 


Higher frequency 
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An RF wave with greater 
amplitude is easier to detect than 
an RF wave with lesser 
amplitude. Realize that RF 
waves travel, theoretically, 
forever. This being the case, the 
detectability of the wave is 
greater at certain distances when 
the wave starts with a greater 
amplitude. A wave with a lesser 
amplitude may not be detectable 
due to the noise floor. The noise 
floor can be defined as a measure 
of the level of background noise. 


RF waves at different amplitudes 


Increased 
amplitude 


Original 
amplitude 


Decreased 
amplitude 


RF wave phases 


Primary RF signal 
Phase is not a characteristic of a \ / 
single RF wave but is a 


comparison between two RF / \ aa | 
waves. Wane, 


\ / [ \ 180° out-of-phase signal 


When the waves are in phase, they strengthen each other, agd when 
the waves are out of phase, they sometimes strengthen “afd 
Sometimes cancel each other. * 

In specific out-of-phase cases, they only cancel each other. 16 


Modulation 


Carrier signal is a continuous electrical signal 


Carries no information 


Three types of modulations enable carrier signals to carry 
information: 


Height of signal (amplitude) 
Frequency of signal (frequency) 
Relative starting point (phase) 
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Modulation can be done on analog or digital rag SEE 
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Analog Modulation 


Amplitude: Height of carrier wave 


Amplitude modulation (AM): Changes amplitude so that highest 
peaks of carrier wave represent 1 bit while lower waves 
represent 0 bit 


Frequency modulation (FM): Changes number of waves 
representing one cycle 


Number of waves to represent | bit more than number of 
waves to represent 0 bit 


Phase modulation (PM): Changes starting point of cycle > >» 


When bits change from | to 0 bit or vice versa * 


Amplitude 


Analog Modulation (cont”) 


Amplitude modulation (AM) 


Analog Modulation (cont”) 


Frequency modulation (FM) 


Analog Modulation (cont”) 


Phase modulation (PM) 


Digital Modulation 


Advantages over analog modulation: 
- Better use of bandwidth 
- Requires less power 
- Better handling of interference from other signals 


- Error-correcting techniques more compatible with 
other digital systems 


Unlike analog modulation, changes occur in discrete 
steps using binary signals | 
Uses same three basic types of modulation as AN 
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Amplitude shift keying (ASK) 
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Frequency shift keying (FSK) 
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Phase shift keying (PSK) 
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RF Behaviors 


* + 


RF Behaviors 


RF waves that have been =m Gain 

modulated to contain sm Loss 

information are called m Reflection 

RF signals. These RF wm Refraction 

signals have behaviors m Diffraction 

that can be predicted and m Scattering 

detected m Absorption 
m VSWR 
m Return Loss 
m Amplification and Attenuation 
m Wave Propagation 
m Free Space Path Loss K 
m Delay Spread 
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Gain 


Gain is defined as the positive relative amplitude difference 
between two RF wave signals. 


Amplification 1s an active process used to increase an RF signal’s 
amplitude. = gain. 


There are two basic types of gain: active and passive. 


Active gain is achieved by placing an amplifier in-line between 
the RF signal generator and the propagating antenna. 


Passive gain is an increase in the amplitude of the signal, in a 
favored direction, by focusing or directing the output påwe 
Passive gain can be either intentional or aoi o n oy 
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Peak amplitude after amplification 


Peak amplitude before amplification 
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Loss 


Loss is defined as the negative relative amplitude difference 
between two RF signals. Loss can be either intentional or 
unintentional. 


Intentional loss may be necessary to decrease signal strength 
to comply with standards or to prevent interference. 


Unintentional loss can be cause by many factors. 


Loss = Attenuation 


x 
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RF signal amplitude gain and loss 


Original signal 
from the generator 


signal 
generator 


Signal after loss 
from RF cable 


Amplified signal 
from the amplifier 


amplifier 
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When an RF signal bounces off of a smooth, nonabsorptive 
surface, changing the direction of the signal, it is said to reflect 
and the process is known as reflection. 


RF signal 
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Refraction occurs when an RF signal changes speed and is bent 
while moving between media of different densities. 


RF signal 
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Refraction a 


ae 


i 
D 


9) 
‘) 
79.959) 


Diffraction is a change in the direction and/or intensity of a wave 
as it passes by the edge of an obstacle. 


RF signa 
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Diffraction occurs because the RF signal slows down as it encounters 
the obstacle and causes the wave front to change directions ~p 


Diffraction is often caused by buildings, small hills, apg other larger 
objects in the path of the propagating RF signal. 
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Scattering happens when an RF signal strikes an uneven surface 
causing the signal to be scattered. The resulting signals are less 
significant than the original signal. 

Scattering = Multiple Reflections 


Scattering 
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X 
RF signal 


Scattering < % 
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Absorption is the conversion of the RF signal energy into heat. 
Many materials absorb RF signals in the 2.4 GHz ISM 
spectrum. These include water, drywall, wood, and even 
humans. 


RF signal absorption 


Incoming RF signal 


Absorbed signal 
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VSWR 


Voltage standing wave ratio is a measurement of mismatched 
impedance in an RF system and is stated as an X:1 ratio. 


Cables, connectors, and devices have some level of inherent loss. 


If all cables, connectors, and devices in the chain from the RF 
signal generator to the antenna do not have the same impedance 
rating, there 1s said to be an impedance mismatch. 


Ex: using cables rated at 5|0ohms with connectors rated at 7Sohms. 
Maximum power output and transfer can only be achieve =~ 


the impedance of all devices is exactly the same. 


38 


VSWR Ratings 


VSWR 


One to one. Exact match. An ideal that cannot be accomplished 
with current technology. 


Two to one. Acceptable match. Approximately 11 percent loss 
in = 


Ten to one. EI match. Most of the power is lost. 


Infinity to one. Useless to measure, as the mismatch is so great. 


a lower first number means a better impedance match. 
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Return Loss 


When there is VSWR greater than 1.0:1, there is some level of 
power loss due to backward reflection of the RF signal within the 
system. This energy that is reflected back toward the RF 
generator or transmitter results in return loss. 


Return loss is a measurement, usually expressed in decibels, of 
the ratio between the forward current (incident wave) and the 
reflected current (reflected wave). 


To minimize VSWR and return loss, we must avoid impedance 
mismatches. This means we will want to use all equipment (RF 
transmitters, cables, and connectors) with the same ohm wating 
This rating is usually 50 ohms. +c ` 


40 


Amplification - Attenuation 


Amplification 1s an increase of the amplitude of an RF signal. 
Amplification is achieved through active gain and is 
accomplished with an amplifier. 


Attenuation is the process of reducing an RF signal’s amplitude. 
This is occasionally done intentionally with attenuators to reduce 
a signal’s strength to fall within a regulatory domain’s imposed 
constraints. 


Loss 1s the result of attenuation. 
Gain is the result of amplification. 


* 
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Wave Propagation 


The way RF waves move through an environment is known as 
wave propagation. 


Attenuation occurs as RF signals propagate through an 
environment. 


The signal cannot be detected after a certain distance, and this 
becomes the usable range of the signal. 


Some of the signal strength is lost through absorption by 
materials encountered by the RF signal. This is due to a 
phenomenon known as free space path loss. * + 
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Free space path loss is a weakening of the RF signal due to a 
broadening of the wave front. 


A 2.4 GHz signal, such as that used by many IEEE devices, will 
attenuate by approximately 80 dB in the first 100 meters and then 
by another 6 dB in the second 100 meters. 


TX = 20 dBm 214 dBi 


Dipole antenna, 5 dBi Free space path loss 
50 meters 
-73.98 dB B 
Access point, Integrated antenna 
i 


Free Space Path Loss in dB for 2.4 and 5 GHz Spectrums 


Distance (miles) zacz | sez 


6 dB rule: for every doubling of distance, there is ae 
amplitude loss of approximately 6 dB é 
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Multipath and Delay Spread 


When signals bounce around in an environment through 
reflection, refraction, diffraction, and scattering, they create an 
effect known as multipath. 


Multipath occurs when multiple paths of the signal arrive at the 
receiving antenna at the same time or within a small fraction of 
a second (nanoseconds) of each other. 


The difference in time between the first and second signals 
arriving at the receiver in a multipath occurrence is known as 
the delay spread. 
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Outdoor multipath 


Reflected signals 


Main signal 


When the delay spread is greater, so that the signals arrive out of 
phase, the signal will either be downfaded, corrupted, & nullified. 
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